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- PURPOSE

To determine the flow characteristics and establish operation and -
installation limitations and capacity- curves for varlous S1zes of screw

lift vertical metergates (Flgure 1)

C ONC LUSIONS

1. .The present commerc1a.1 metergate de31gn, Wlth the downstream
: pressure tap located a constant distance of 12 inches from the pipe
entrance, is not an optimum desugn for best flow measurement
accuracy. , ‘ i

2. The practlce of locatmg the downstream pressure tap 12 inches
from the pipe entrance makes each'gate:size and setting a separate
problem requiring strict operatlonal 11m1tat10ns or md1v1dual callbra-‘
tion. B

3. The influence of several factors on mdlcated capac1ty vary.‘Wldely
with gate cize when the 12-inch pressure tap distance is used.” The -
influence of these factors decreases rapidly as the gate closes from
the wide-open position and becomes negligible‘at about o0 percent-
opemng in all cases. | : ‘

4, Appropriate and accurate locatlon of pressure taps and accurate
zeroing of gages and gate opening indicators are 1mportant factors
influencing the ﬂow-—measurmg accuracy of metergates. - ;




'5. The pressure distribution in'the pipe near the entrance ofa
metergate determines the differential ‘head for the gate, and any
change in entrance condition that influences the pressure distri-
‘bution influences the measured differential head.. Although'the

changes in pressure distribution ‘may not affect the flow quantity . A

to any ‘degree for a given headwater and tail water condition, the

change in the measured differential head would be reflected i 1the o

discharge coefficient. In many. cases, a rating curve made from-
calibrations on one ‘inlet design cannot be used for another design
without error being introduced, particularly if the gateis tobe
operated at openings greater than about 75:percent. "Thisis -

especially true for small submergences:(less than 1d) of'the
engrance.l/ The inlet design:should be ‘standardized and the =~
various sizes made geometrically similar for best results. i
6. The pressure-distribution within the pipe of a metergate ,and

thus the discharge coefficient curve, is influenced to various ..
degrees by the following: BT : t

a. Gate design

b. Approach design, in‘clu‘ding'pos’iﬁOnf"df walls andiﬂcor T
relative to entrance TR I e
" ¢. Relative submergence of entrance -

d. The velocity of the flow

The shape of the gate (circular or ‘ﬂaty”b‘o;tt'oni'leaf)v".isa'fé.ctdr of
gate design that affects the capacity. This factor has little if any
influence at wide-open gate. o= LR ~ .y ‘

When the gate entrance is,c;on:fi‘neyd by*‘th'e walls and floor ofan

approach, the degree of confinement ‘influences the entrance con- - =

traction and thus the discharge coefficient: and indicated capacity. -
The influence is evident at larger gate openings'and decreases as
the gate opening decreases , becoming negligible at-about 50 per- "
cegtz%‘ajte opening (compare curves for 24-inch gate, Figures20 .
an . IR e D S e e

The nearness of the approach channel walls to the edges of the

pipe inlet has minor influence on pressure distribution for wall
distances of d/4 and greater when the upstream submergence is
greater than about 1.0d. ‘ RS :

T/Hydraulic Laboratory Report Hyd-422, "Flow Characteristics in
2 Pipeline Downstream from a Square Cornered ‘Entrance."
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The position of the approach floor Wlth respect to the invert of the
entrance affects the pressure distribution within the downstream -
pipe and thus changes the magnitude of the discharge coefficient.

The effects of these conflnmg factor are 31gn1f1cant only at large ,
gate openings. ‘ , o

The pressure dlstrlbutlon w1th1n the p1pe near the entrance of a
metergate is influenced greatly at upstream submergences less
than 1. 0d (relative to top of entrance).” When the upstream water
surface is less than one pipe diameter above the crown of the pipe -
entrance and the gate is at large openings,  the discharge coefficient
varies with the amount of submergence (Figures 6 and 7) \

The pressure distribution varies slightly Wlth veloc1ty (v1scos1ty or
Reynolds number). -When flow velocities are low (low Reynolds
number), the discharge coefficient varies slightly from the constant
value obtained with ample submergence at higher velocities, ‘Flg-
ures 6 and 7. Viscous effects will be relatlvely sma.ll for most
installations. SR ,

7. A metergate must have sufﬁment submergence of the pipe ex1t
or sufficient back pressure, to give a measurable water surface in’
the downstream measuring well. This required submergence, or.

back pressure, varies with differential head, gate size, gate opening, -

longitudinal locatlon of the downstream pressure tap, andthe helght
of the measuring well bottom above the crown of the plpe

An oui let submergence of 1 foot above the crown of the plpe relatlve
to the downstream tap location is sufficient for all gate sizes and -
openings at differential heads, AH, up to and including 18 inches,
provided the bottom of the downstream measuring well is less than
6 inches above the crown of the pipe. If a depth of water is needed
in the well to permit recording of the water surface by a gage, the
bottom of the well should be set lower by the amount needed for the
gage, or the submergence increased to provide the additional ‘
depth in the well. Greater submergences must be promded When
hlgher differential heads are used. oo S ,

8. ‘The degree of submergence of the pipe exit does not in itself
affect the accuracy of a metergate.

9. Wlth minimum downstream submergence, the pipe downstream
from the gate should be at least 7 pipe diameters long to assure that
the discharge end will run full and at minimum velocity. This
length is based on the data shown on Figure 25 and assumes a level
installation.




10. The pressure tap to the downstream measuring well should -
be on the top vertical center line of the pipe. It is least affected
by pressure distribution changes when placed in this location. The.
pressure tap to the upstream measuring well should be so located
that it records the true head in the canal above the metergate o
approach. L e ‘

11. An optlmum metergate de51gn that Would prov1de best accuracy
without strict limitations or individual calibration would be one which
had complete geometric similarity including the position of the down-
stream pressure tap. For best results, the downstream pressure:
tap of the various gate sizes should be placed at geometrlcally similar
locations, preferably where the hydraullc grade 1s not steep i

The optimum position for the downstream pressure tap is about d
from the entrance, where d is the pipe entrance:diameter (Figure 14).
This location of the tap allows the use of a general coefficient curve
from which the capacity of any size gate can be determined within a
reasonable degree of accuracy (perhaps to about plus or minus 2 and

1/2 percent) when the approach walls are approx;Lmatelyz dlstance or - e

greater from the edges of the entrance opening, the sloped floor is
about 0. 17d below the invert of the entrance openmg, and the upstream
submergence is one pipe diameter or greater.  This is particularly
true if the maximum gate opening is limited' to about'7 5. percent

The coefficient curve, Figure 20, is based on a tap located at the -

top center line and % distance from the gate seat, with 8to 1 ﬂarmg
walls set & distance from the edges of the opening, a floor that is.

0. 17d below the bottom of the opening andisona 2to 1l slope down- .
ward from the canal to the metergate, and submergences greater '
than 1 d.lameter above the top of the opening. Values from this curve

can be used in the equation @ =CgA \/2gAH with the area for the
partlcular size metergate to prepare dlscharge tables or curves for
the various sized gates in 51m1_1ar settings.. et o

12. The rating curves, Flgures 2’7 29, and 31 are for u.nconfmed
entrances with the tap located on the top center line and 12 inches
from the inlet (standard for present commercial gates). Figures 28,
30, gnd 32 are for confmed entrances 31m11ar to that shown on I“:Lg-
ure .

L )
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INTRODUC TION

The problem of accurate and econormcal measurement of 1rr1gat10n

4 water has become. more important in recent years.  One of the main =
factors contributing success toward the solution to thls problem has
been the introduction of smlpler and more accurate measuring =

- devices. Because of its simplicity of design and low maintenance
cost, the metergate is one of several devices used. The screw lift
vertical gate (Figures 1 and 2) is one of several metergate desu;ns
Flow quantity for a metergate is determined from the pressure = =
differential between the canal or reservoir from which the flow is"
taken and a point within the metergate pipe a short distance down—‘
stream from the entrance and requlating gate. Two measuring
wells, one connected to the canal and the other connected to the pipe
downstream from the gate, are provided for determining the differential
head. The location of these wells for the metergates tested is-shown -
on Figure 2. The dovmstream well tap in most commercial gates is.
located 12 inches from the gate seat regardless of size. Since there
was little information concerning the hydraulic characteristics or
limitations of this type of metergate, a ldboratory study was initiated
to evaluate them. Accuracy and capacity of the gate were of par-
ticular interest. Two sizes of the gate, 18- and 24-inch, were
tested and the data were used to prepare rating curves a.nd determine
the hydraulic characteristics of other sizes. A 10-inch transparent '
plastic conduit with numerous piezometers installed along its length = -
was used to evaluate the mﬂuence of the entrance approach de81gn on -

flow capacity. 1/ :

| INVESTIGATION
The Problem |

In order to use the data from metergate test installations to establish
limitations of the design and prepare rating curves for the various
sizes and settings, it was necessary to adopt some general method of
analysis. The following relationship seemed most suitable and was
used throughout the study. o

I/Hyoraullc Laboratory Report Hyd-422 "Flow Characteristics in a
Pipeline Downstream from a Square Cornered Entrance. "




Q= dlscharge in cfs PR N
Cq = discharge coefﬁclent A R
d =nominal diameter of: gate x
g = acceleration of gravity;(32. 2 ft/secz)
AH = d.lfferentlal head, feet - ‘
- (Canal water. surface to pressure head
‘at downstream tap) : ~ e

Prehmmary consideration of the problem mdlcated that the dlS- ,
charge coefficient, Cd, would be influenced'by the. upstream sub-
mergence, Hs; the gate opening, a; the entrance arrangemerit and -
configuration; the nominal- diameter. of the gate, :d; the location:of
the pressure tap in the downstream: pipe, X, measured fromthe
gate seat; and the mean velocity in the: plpe, V. To facilitate the use
of the varlables they were expressed in dlmensmnless parameters

as in the followmg relatlonshlp = S _

Cq = ¢ (Hs/a, a/d x/d Re) ‘
Reynolds number, Re, is a parameter of the followmg terms

where

V = mean water velocity. inthe pipe in feet per second
d = nominal diameter of gate, feet
v = kinematic v:Lscosﬁ;y of Water

It was antlc1pated that there Would be numerous varlatlons in the e
metergate installations in irrigation systems. so studies were made
to determine the effect of the above-listed variables on the capac1ty
of the metergates. Discussions of these: studles are conta_med in
subsequent sections of this report 3

The Laboratory Installation

The laboratory installation used for the: study o:f the metergate is
shown schematically on Figure 3.° Water to the test gate was supplied
by three 12-inch and one 8-inch centrifugal pumps. Venturi meters
in the supply systems near the pumps were used to determine the flow
quantities. Accurate flow measurement was possible over a wide
range of dlscharge because of the various sizes of Venturi meters
available (6-, 8-, 12-, and 14-inch). Good flow distribution just




upstream from the gate, with negllglble velocity of approach was .-
obtained by passing the water through a rock baffle in the head box.
The upstream end of the metergate pipe was placed in one sideof -
a head box 7 feet wide, 11 feet long, and 10 feet deep with the gate -
pver the entrance. The downstream end of the conduit terminated =~
‘n a tail water box 4 feet wide, 6 feetlong, and 6 feet deep. A
hinged gate in the side of the tail water box opposite the pipe exit
provided a means of varying the downstream ubmergence and chang-\
ing the hydraullc grade in the p1pe : e ,

Plezometer taps were placed in the crown of the plpe at dlfferent ;
distances from the gate seat to record the pressure gradient in the -
pipe and to provide a means of applying the data to other gate sizes.
The pressure taps were confined to the crown of the pipe because this
location had been determined to be the most desirable in previous
metergate tests. Rubber tubing connected the taps to-glass tubes
mounted on a manometer board which was graduated in 0. 01-foot
increments. Carborundum disks inserted in short plastic: cylinders,
3/4-inch inside diameter, were used in some of the piezometer lines.
to dampen pressure fluctuations and permit more accurate readmg

of the average pressures. In field installations, a 3/4-inch pipe
connects to a 10-inch-diameter well; thus, a falrly constant average
pressure will be expected. : . ‘ ‘

’I‘est Procedure

The laboratory tests were made over a ra.nge of dlfferentlal heads
of from 2 to 48 inches. The hydraulic gradient in the pipe was
controlled by the hinged gate in the tail box to give readable Water
depths in the downstream measurmg Well ' S :

The 18- and 24-inch gates were tested for every 2- mch mcrement of
gate opening. The 24-inch gate installation is. shown on Figure 4A.

‘The gate position indicator is shown on Figure 4B. A section of trans-
parent pipe was placed immediately downstream from the 24-inch ‘
gate so that.flow conditions in the pipe below the gate could: be observed
Smooth pipe was used downstream fromithe test.gates. © " oimT o

Influence of Gate Design on Capacity

The main difference in metergate capacity due to gate design occurs at.
partial openings and results from the shape of the gate (whether the
leaf is circular or has a square bottom). Some influence is also .
introduced by the configuration and relative sizes of the structural
members of the gate framing and the gate seat casting. For a given
head differential, the gate with a circular leaf will discharge about
twice as much water at 20 percent gate opening as a gate with a square




bottom leaf. The gate frammg usually has a minor influence unless =

some of the framework is placed too close to the pipe entrance. = .
. Structural members of gate frames should be. kept away from the edge
of the opening to have the least 1nﬂuence R :

The gate seat casting shape, mcludmg Wldth of seat 1ts prOJectlon ‘
from the headwall to which it is attached, and’its general configura~-
tion, will have some influence:on the dlscharge coefficient. This
factor should not be of major concern but may cause differences’in ,
discharge coefficient of 2 to 3 percent. The influence of variations-
in entrance configuration is ﬂlustrated to some degree in Flgure 5
and Tables 1 and 2 . :

Influence of Upstream Submergence, I—IS

In tests made previously, it was found that’ the dlscharge for com-
parable values of AH was affected at large gate openings by the
amount of submergence of the pipe entrance. For a given installa-
tion, the discharge coefficient remained constant for large submer-
gences and varied for small submergences. This effect of upstream
submergence has also been observed by other investigators. 2/ The .
same characteristic was noted in tests on the screw lift. metergates
with a flat bottom leaf and in tests made on the 10-inch pipe entrance
(Figures 6 and 7). In all cases, it was found that the coefficient of -
discharge varied widely for submergences less than 1.0d and that
there was little variation in coefficient when the submergence was
greater than d above the entrance crown. The effects of the sub- -
mergence changed somewhat with pressure tap location, and
approach wall and floor arrangements however, the varlatlon was
always apparent. One méans of illustrating the influence of Small
upstream submergences is to plot the ratio of the discharge coeffi- |
- clent for any submergence (Cd), and the average discharge coeffi-.
cient for high submergences Ca, against the submergence expressed
in terms of pipe diameter. Figures 8, 9, 10, and 11 show the sub—
mergence effect for the 24- and 18- inch gate 100 percent open and
10-inch pipe entrance for various.locations of the downstream
pressure tap. The data show that each geometric arrangement of
the approach, the entrance configuration, .and tap location will have
an individual coefficient curve which may or may not vary widely.
The effect of the various factors can be minimized by maintaining
a submergence of at least 1 entrance diameter above the top of the
entrance opening. The influence of the submergence decreases as

a/"Austluss, Curchfluss, Strahlreaktion and Strahldruck in neuer
Betrachtung" (Discharge, Underflow, Jet Propulsion and Jet
Forces from a New Viewpoint) by Von Theodor Musterle Die
Wasserwirtschaft, September 1960. '




Table 1

DISCH.ARGE COEFFICIENTS—-VARIOUS WALL,
FLOCR, AND PRESSURE TAP LOCATIONS

Wall

position

d

Floor
position

4

.D.S. Tap
“positien

Coefficient of discharge

110=-inch’
~pipe

18=-inch -

- 24~inch

]
'_I
™.
N

w

1/3a*

|1/3a%

0.6 |
R N

metergate

metergate

I
-
~

w

| 1/20%*

1/20%*
1/2d%*

.65

o

’".0.64 i

070

1
=
N

(VV]

S [3AFFF
9,/3d%**
9 /3 qk**

0.6

0.77

1
RS

w

T . O qFFFF

R

1.2g%k*% G

3.91d

0.81.

el ol [(VVILN R VARV [NVEGVEVY W ERVYEVY [\ RVVE VY]

oo

2 /3A*FF

2/3dxkk

1/2
2/3

&/ 3g***

1/4
1/3

el p oo R Ho R Ho
OO O NG CRm O Mo O B O D

5/3aFFF

76 indicates coefficient estimated."
> Standard for 36-inch metergate.
** Standard for 24-inch metergate.
**k% Standard for 18-inch metergate.
**** Standard for 10-inch metergate.

Note:

above crown of entrance

Values are for upstream submergence greater than d’ s




FLOOR, AND PRESSU]

, | Table 2 :
DISCI—IARGE COEFFICIENTS--VARIOUS WALL

Wall

position

d

~ Floor -
position:

D.S. Tap

po s1t1on
X

RE TAP LOCATIONS

— Coefficient of: dlscharqe

pme

[LO-inch

18=inch -

“24-inch “

metergate

1/4
1/4
1/4

1/30%

1/34d*
1/3d*

| 0.60

" 'me‘terqate“

el

_0.61

1/4
1/4
1/4

1/2d%* -
1/24%*
1/20%*

o.61f =

68

0.83

1/4
1/4
i/4

17
17
17
17
17
17
17
17

| 273a%**
- 2/3ax**x
9 /3H**

RS

1/4
- 1/4
_1/4

1 ogkHk*
1. ogkskk

074 :

0.66

1/4
1/4
1/4

0.
0.
0.
0.
0.
0,
0.
0.
0.
0.
0.
0.
0.
0.
0.

17
17
17
17
17
17
17

3.91d -
3.91d

3.36d .

OO R

0.76

16 indicates coefficient estlmated
~ * Standard for 36-inch metergate.
* Standard for 24-inch metergate.
**%* Standard for 18-inch metergate..
Fkokok Standard for 10-inch metergate,

0.80

Note: Values are for upstream submergence greater tha.n d
- above .crown of. entrance K ,




the gate is lowered over the. entrance. It is believed that the
influence becomes. negllglble when the gate is about 75 pe“cent
open. _ _

The effect of the upstream submergence was 1nd1cated first by log -
plots of AH against discharge for various openings of the test
gates. These plots gave straight lines for the higher values of |
AH, and a variable deviation from a straight line at small values -
of AH and Hs, particularly at large gate openings.  An investigation
made to learn the cause of this deviation showed that for the small
values of AH and Hs, the value of :AH could be changed by merely

changing Hs, when the discharge was kept constant. = In other words, .

the same discharge could occur at different values of AH, depend-
ing on the value of Hs when Hg was small. From this mvestlgatJ on,
it was concluded that for small submergences of the metergate inlet
and large gate openirigs the amount of submergence mfluenced the
discharge coefficient. : .

Since the equation @ = Cd ”dz V2g H Was used in this case the Q,

Cd, and AH were the only varlables a.ny change in AH at a con-
stant discharge must result in a change in Cg. It was found that
as Hs was increased in the range Hs less than d, the deviation of

the plot from a straight line decreased and became negligible when =

Hs was esqual to or greater than d.- The deviation was more notice-

able on the 24-inch than on the 18-inch gate because of the difference

in location of the taps for the downstream measuring wells. The -
distance was 12 inches in each case, which placed the taps at rela-
tively different locations on the pressure grade lines. Measuring.
well taps placed at the same relative locations on the pressure
grade lines of the various sizes should give comparable dev1atlons
Placing the taps at distances which would give a constant value of £
for all sizes of gates would fulfill the condition. The influence

of submergence on Cd for the 24-inch gate is shown on Figure 6.

A more recent research study of this phenomenon made on a 10-inch .

pipe showed the same characteristics. Tests were made for numer-

SEE
L il

ous degrees of submergence for three different discharges. A plot~

of the data that includes the influence from both submergence and
velocity is shown on Figure 7. These data indicated that the influ-
ence of upstream submergence was negligible for submergences
greater than about 1 pipe diameter above the entrance crown, that
the influence was appreciable at submergences less than 1.0d, and-
that the velocity (v1scous) influence was mmor ;

The plots on Figures 8, 9, 10, and 11 show that the location of the
pressure tap for the downstream measuring well influences the
nature of the coefficient curve in thé region of low submergence,
This, in part, explains why the effect of submergence varied W1th
metergate size.

11




Influence of Approach and Entrance Des1gn R

Initial tests to determine the effect of approach des1gn on the capac- c
ity of the screw lift vertical metergate were made on the 24-inch '
installation with the approach having a 2to 1- downward sloped floor

- and 8 to 1 flaring vertical sidewalls set 6 inches ( dy from the edge of

the pipe entrance (Figure 12). Tests were ‘made With the floor and
walls in place, the walls removed, and then the floor removed. )
The tests indicated that at large gate openings and upstream submer— -
gences less than 1.0d, the walls caused a substantial reduction in the
coefficient for comparable values of AH and that the ﬂoor ‘alone had ‘
little effect. P | ‘
Tests on the 18-inch mstallatlon for similar upstream submergences
without the sloping approach floor and with and without the 8 to'1
flaring walls were not in good agreement with those on the 24-inch*
gate. Tests on the 18-inch gate showed that 8 to 1 flaring walls

placed at d Zd, and d distance from the edges of the entrance openmg o
had very 11ttle influence on the dlscharge coefficient (Figure 13). The -

sloping floor was not installed in this case because tests on the 24-inch

gate had indicated negligible influence and because of the additional
work involved in makmg and changing the test setup ‘ ‘

Later tests on the 10-inch pipe entrance (without a gate) , with and
without the sloping floor, and with and without the flaring sidewalls

placed at distances of , and d from the edges of the entrance

showed that for submergences of d or more, the walls in these posi-
tions had only minor influence on the coefficient (as in the tests on the
18-inch gate) and that the floor position had conmderab‘: 1nﬂuence
regardless of wall position (Figure 14) - e

It is unfortunate that the slopmg floor was not used for tests on the
18-inch installation so as to permit direct comparison of the floor's
influence. However, with good agreement between tests on the 10-
and 18-inch installations concerning-the wall-influence without the -
sloping flocr it is difficult to account for a 9.5 percent change in
discharge coefficient, attributed to the wall position, indicated by
tests on the 24-inch metergate with the downstream tap 12 inches
from the entrance. This discrepancy rust necessarily go unex-
plained at this time. Moreover, the 9. 5 percent wall influence
indicated in the tests on the 24-inch gate must be considered in
error (or not comparable due to physical differences in the setting)
in light. of the good agreement between other tests on the 10-inch
pipe entrance and the 18- and 24-inch metergates.




A plot of the average value of Cd for submergences greater than = -
1.0d, against the relative position’6f the downstream pressure tap -
disclosed several interesting facts (Figure ). ~One of the most
important of these is that good agreement in capac1ty and pressure
characteristics can be obtained only when the various size installa--
tions are geometrlcally similar. ‘The solid lines of the graph show
the variation in Cd for various: tap positions with only the walls and
floor of the head boxes forming the approach to the entrances of the
10-inch pipe and 18- and 24-inch metergates. There are several
physical differences which contribute to the variations in the curves -
for the separate installations. - First, the entrances varied; secondly,
the relative distance of the sidewalls from the. edges of the entra.nce
openings varied; and thirdly, the relative distances of the floors
from the bottom edges of the entrance openmgs varled These phys~ i
ical differences are discussed below : ) :

The structural angles and other physmal features of the 24-inch gate
in the vicinity of the entrance were not. geometrically similar to those
on the 18-inch gate and, of course, did not represent the unobstructed
sharp entrance of the lO inch pipe. ‘Also, the metergate entrances
were of nominal dimensions of 18 and 24 1nches while the lO mch
pipe entrance was an exact measured dlmensmn r

The sidewalls of the head boxes were about 3, 3, and. 2 20 pipe
diameters from the edges of the openings of the lO- 18-, and 24-

inch installations, respectively. This, factor, however, proved to
be minor when negligible change in the coefficient was observed on.
the 10-inch pipe and 18-inch metergate when walls were placed within
the boxes and 1 diameter from the edges of the entrances,; and only
slight changes resulted for walls placed as close as 1/4 dlameter

The floors of the head boxes were l 2, 1. O and 0.6 dlame‘rers below i
the inverts of the entrances for the. lO- 18— ‘and 24-inch installa-

tions. Comparison of the data used to plot the curves of Figure 5 shows

that the floor position may affect the coefficient considerably. In fact,
the agreement of the data from the 10- and 24-inch installations is
quite good when the floors and walls were arranged geometrically
similar (sloped floor 0.17 d below invert and 8 to 1 flaring walls at
from edges of entrance) even though the configurations of the headw%ls
near the entrances were quite different (dotted lines, Figure 5 and
Figure 20). The headwall for the 10-inch pipe was flat and smooth,
while that for the 24-inch gate contained the support angles, seat
casting, bolts, and gate. It is reasonable to conclude that very
close agreement would result for all sizes in which good geometric
similarity of the entrances exists. The foregoing discussion is
limited to the case where the pipe entrances have submergences
greater than 1. 0d above their crowns.




Tests on the 10-inch installation, with the downstream pressure tap
12 inches from the entrance, showed little influence /from the approach
walls when the submergence was greater than about 1.0d, but showed"
considerable influence from the floor position (Figure 15) ‘The tests
also showed considerable influence from both the Wall and ﬂoor posi-
tions for submergences less than 1. Od.. =0

The influence of the Wall and floor posmons at submergences greater o

than 1.0d, particularly the floor position, varied with the positioning -
of the downstream pressure tap (measuring well), (Figure 14). Tests
on the 18-inch metergate showed little influence from the walls for the
one floor position tested (Figure 13). The floor arrangement in this
case was not geometrically similar to any tested on either the 10-

or 24-inch installations. . The maximum wall influence for all p031- :
tions of the downstream pressure tap andtwo floor: arrangements in-

tests on the 10-inch pipe entrance was about 3. percent while the maxi-

mum influence of the two floor arrangements for various positions:of
the walls and downstream pressure tap was about 10 percent (Figure 14). -
From the data on Figure 14, it is concluded that the influence of wall
and floor dpos1tlons can be mmlmlzed by placing the downstream pres-

sure tap

and prov1d1ng submergences greater than d.  Results were most
inconsistent and the influence was most. pronounced when the pressure
tap was located on the steep portion of the pressure gradient-from
0.4d to 1. 8d from the entrance. The data also show that a minimum
error in determining gate discharge at large gate openings (100 per-
cent open in this case) will be realized for a wall position of d from

the edges of the enirance and a downstream pressure tap loca ion of 4 3

The influence ‘of approach floor elevation is also & minimum. The
maximura scatter of individual test points with th1s arrangement was
approximately plus or minus 2 and 1/2 percent.

From the information and data presented above 1t is concluded that

a constant discharge coefficient of 0. 61 can be used for 100 percent
opening for all metergates which are geometrically similar and are
contained in geometrically similar settings as shown in Figure 12,
when the downstream pressure tap is a distance of -g from the entrance
and the entrance submergence is d or greater

Placing the downstream préssure tap a constant distance of 12 inches
from the entrance and the use of submergences less than d make each
installation and size a special problem and may necessitate special
in-place calibration in cases which differ appreciably from the tested
arrangements. / The influence of the various factors decreases -
rapldly as the gate leaf is closed from the wide-open position, becom-
ing minor at about 75 percent gate opening (Flgures 13 and 16). |

from the entrance near the lowest part of the hydraullc grade

-




Influence df Qutlet Submergence

The tests on the different size gates‘disclosed that submergence of
the downstream end of the discharge pipe (hs, Figure 3) would be

an important factor in providing a measurable water surface eleva-
tion in the downstream measuring well. " Because of structural .
limitations, it was assumed that the water surface within the down- "
stream measuring well should be at least 6 inches above the inside = -
surface at the crown of the pipe. The submergence needed to:give - .
this condition at various gate openings varied according to a pres-
sure factor IAI%I' (Figures 17, 18, and 19). The plots of this factor

against gate opening show that the greatest submergence of the
downstream end of the discharge pipe is needed for gate openings.
between 80 and 80 percent. The outlet submergence required to ‘
give a measurable water surface in the downstream well is influenced -
by the position of the pressure tap along the hydraulic grade line. -
With all taps 12 inches downstream from the gate seat, relatively-
greater submergence is required for the larger gate sizes. FHow-:
ever, the difference is small. SR L o T

Since Hp is the difference between the pressure head upstream from
the gate and the maximum pressure head in the pipe below the gate, .
the frietional resistance of the downstream pipe, particularly if the:-
pipe is long, and the elevation of the center line both at the gate and
at the pipe exit, are important factors to be considered. - For a given
gate size and discharge, the maximum value of AH and the minimum
value of hg (downstream submergence) can be computed to give a - -
downstream measuring well water surface 6 inches above the crown
of the pipe at the measuring well connection.. This is illustrated in
Figure 26. ‘ R ‘ g R ‘

Influence of Velocity

In the tests on meterqgates there was an indication that flows at very
low velocities affected the capacity of the metergate when it was = -
operating at large openings. The effect of velocity, or variation
with Reynolds number, however, could not be isolated using the data -
taken. By exercising extreme care in obtaining the pertinent data in
a more recent study concerning the pressure distribution in a 10-
inch pipe entrance placed flush with a headwall, 1/ it was possible to
isolate the effect of low velocities for small submergences and large
gate openings. The influence was noticeable at very low values of Rg
only, in this case below about 2.0 x 105 for the unobstructed entrance.
The influence of Re would vary some with downstream pressure tap
location, but would be minor in any case. -

1/Hydraulic Laboratory Report Hyd-422, "Flow Charac’tériStics in
a Pipeline Downstream from a Square Cornered Entrance. "
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Influence of Dovvnstream Head—measurlng Pref‘sure Tap Locatlon
The nature of the pressure grade lme in the crovvn of the plpe 11ne
immediately downstreard of a metergate leaf results in a- change in
differential head, AH, with location of the downstream pressure
tap. Thisis partlcularl v true for large gate’openings. With the
pressure tap located 12'inches from the gate seat for all sizes of .
gates, “it is not possftﬂe to:make a: dlrect comparison of the. coeffi-
cient curves for the varlous sizes. However, with taps placed at
relatlve positions along the pressure grade llnes (at same value of
3) a comparison canibe made.: The variation of the dlscharge coeffi-
cient with tap posrtlon for a 10-inch pipe, -and 18-ipch gate, anda -
24-inch gate for varlc;us openings:'is shown on Flgures 20, 21 22,
and 23. The comparison of the coefficient curves for the 18- and V
24-inch gates based on pressure taps placed at'the 'same % value 1s

shown also. There is good agreement considering 't the various

differences in the test installations. ‘Excellent agreement was noted
between the 24-inch gate and the 10-inch pipe when the settings were
geometrically similay (Figure 20). Calibration curves for one gate.
may be applied to another only vvhen the pressure ‘taps have the same
relative locations (same value of ¥). From these data, it isevi- =
dent that the differentialihead, and thus the coefficient of discharge,
varies with pressure tap\locatlon ‘Therefor, it is: 1mportant that

calibration curves or tables be based on the partlcular tap locatlon ;
for the gate in question. R : '

5
\."

The data from the 10-inch p\pe entrance mdlcated that the p081t10nmg
of the downstream pressure \tap for the measuring W°ll is extremely
important when the distance Irom the entrance: to the tap is from ‘
about 0.4 to 1. 5 pipe dlamete rs.

tion can introduce a substantlal dlfference 1n pressure head and
error in indicated discharge. \iﬁ;,,ﬂ Y Ll AF

BN
S

Locating the tap for the downstream head-measurmg well ai constant

distance of 12 inches from the entrance for all gate sizes places them e

at different relative positions along the, hydraulic grade line, This
in effect makes a special problem for each size. For example, an
8-inch gate will have a tap position 1. 5d from the entrance with'a . -
coefficient for full opening of about 0. 80, a 24-inch gate will have = |
‘a tap position 0. 5d from the entrance on the SL°ep part of the -
hydraulic grade line with a coefficient of about Q. 65, and & 48-inch.- *
gate will have a tap position 0.25d from the entrance on a fairly

flat portion of the hydraulic grade line with a coefficient of ‘about .
0.80. The exact location of the tap would be less critical for the
8- and 48~-inch size than the 24-inch size. With the constant tap ‘
distance of 12 inches, the coefficient will vary with metergate size




from about O. 6 to 0. 8 The loglcal conclusmn is that the tap should

be placed at a geometrlcally smular posmon, such as d for all sizes.

The position chosen should be that which would be lecrstBaﬁected by
the physical characteristics of the entrance. It was concluded that

locating the: downstream tap at d Would accompllsh thls 'I‘he dlffer- o

ential head for this location would be about the mammum, and more
accurate readings would be expected. ‘While tap positions beyond’

about 1. 5d would give fairly constant values of the dLscharge coefficient,
the differential head for a given discharge would be /2. minimum and
less accuracy for small discharges would be expected. In either case,
it is believed that one coefficient curve could be used for all sizes of
gates provided the entrances have, reasonably close! geometrlcal simi-
larity, the tap is located at a constant relative distance from the’:
entrance, and the upstream submergence is maintainedgreater than
about 1. 0d above the top of the entrance : A plot: of all values of the

ratio gg agalnst submergence in. terms of dfor the 10-1nch pipe

entrance with various wall and floor distances is shown on Figure 24
The plot shows that nearly all points fall within plus or minus 2:and -
1/2 percent for upstream submergences greater than d above the top

of the entrance and a tap distance of X d, “The Sche 1s true for simi-

lar cﬁta taken from the 18- a.nd 24- mch metergate (Flgures 8, 9, 1O
and 11) v i Lo ‘ , | :

Point of Pressure Recovery Downstrea.m of Gate

It is 1mportant that an installation have sufflclent plpe length below

the gate to prevent drawing the water out of the downstream measuring
well at partial gate openings and to minimize erosion when the water

is released into an earthen ditch. For a given average velocity, the .
erosion of an earthen ditch will be a minimum when the velocﬂ:y leavmg
the end of the pipe is uniform. Such a uniform distribution is not
attained until the point of pressure recovery on the hydraulic grade
line is reached. The point of pressure recovery was noted for various
openings and discharges for both the 18- and the 24-inch gates. From.
the results shown on rigure 25, it was concluded that 7 pipe diameters
could be used as a criterion. This is in good agreement with similar
data obtained previously for metergates with circular leaves. The
plotted points in both cases were based on interpolation of piezo-
metric data andthus the curves are not as smooth as might be expected.

Insta]lat:‘ion Instructions

A typical metergate installation, Whloh will meet discharge require-
ments and have all operating characteristics within the limitations
indicated from these studies, can be determined from Figure 286.
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Rating Curves

S

Rating curves for the 18-and24-1nch ga1eswere obtamedbylabo- b

ratory celibration of these gates. ‘Discharge curves for:differential o
‘heads up to 18 inches:and various rjga.te:?ogenings.:for,.,.me‘te'qua.t‘eszwith‘ e

and without confined appi’.‘foac'hes,hav'efbee‘n‘gpr‘epared'i‘from@f;heétest o
data (Figures 27 through(30). By kmowing the gate opening:and differ-
ential head for a given installation, ‘the discharge can-be ;obtained” .-
from the curves. The curves are;:.based%‘;jc)nadataij,whi'c':h?mir_;imize,.the ”
influence of upstream submergence (s

bmergencesgreaterthand) T

The rating curves for the 30-inch gate (Figures 3l and 32) were

developed from the pressure data taken from'the 18- and 24-inch
gates. The ‘data‘Were.plo};tediin.dimensionl’essff_orm: and values for
an % of 0.4 used to compute points for the rating curves. ‘The dis- .

it}

charges obtained by 'usingi‘;tllése “curV;—:gS’:shdUl.d%be_;qUite‘ accurate for . g\} i

settings similar to the test facility.

: Appropriate’localtion of pressure 4~£a.'p'svz'a'nd‘acéufate ,zeroihg_qu;_“gagéﬂsy_ S

and gate opening .‘indicator',é}vv,areglmport'ant_ factors in assuringthe =

accuracy of metergate installations. = Zero gate-opening is defin’edj;als‘ e

position of gate when bottQ;n“oi,'leai is level with entrance invert. -
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entrance and 8:l :flaring - walls -at d/4 from -entrance.
a 24— inch:metergate with Ievel ‘floor. 0.63d - below enfronce‘
and paraliel walls at 2. /4 d from entronce L SN
o 18— inch metergate with:level. floor :1.0.d" below enfrance mrn
and paraliel .wolls ot 3d “from entronce
Upstreom submergence greoter fhan d

e

SCREW LiFT VERTICAL MET'ERGATE’ ‘
LENGTH OF PIPE REQUIRED 'F,OR:PRESSURERECOVERY
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INSTALLATION

DETERMINATION OF'METERGATE 'INSTALLATION

GIVEN

I.- Upstream - water surface | E1.100.0.

2. Downstreom” water.surface EI. 99.0.

3. Turnout discharge,. Q, *8cfs.

‘4. Depth of water in downstream maasurlnq well, by,
: should be 6inches  obove. crown of pipe.

5. Length of metergote pipe, SO feet,

6. Submergence of metergate inlet, Hg, should be

equal to or greater than d obove the: crown

of ‘the pipe,

FIND

L SIZE OF METERGATE (One of two methods may be used)

Q.

e

o

Where  downstream scour. may be a problem.
Select: exit velocity that will not cause
objectionable .scour, say 4 feet per sec.

From az§=8:2,00, d=i9} inches. .

Requires 20-inch metergate. '

Where scour downstream is not a problem,
Assume metergate to be operatad at openings
up to 75 percent. {The influences of entrance
design, upstream -submergence.and downstream
pressure tap location: ore. minor. for these
openings.} {Figures 13 and I16).

For 75 percent gate opening cuefficient of dischorge,
€4x0.5, and moximum . AH=185 Hy  (Figures 17,
18 ond 19} aH=1.85 (1.0)%1.85 ft,

From Q=CqaYZgaH X
Area of pipe, A= gxTrETISE 147 59.11.
d= osi inches. . -

Requires I8-inch metergate, d=I8inches.

Check - capacity of gate using 18 inch metergate.

Hg *Hy ~Hy (Hy 15 friction loss from pressure
recovery point fo pipe exit).

m-ﬂ{
whrre £ is coefficient of friction, L is Ieng\h of
pipe,  d is pipe dnameier and v is velocny in pipe.:
From vs§=pfiy=a.53 °
Assume f for concrefe or s!ee| pipe 0s 0.025,
Hyw «0.21 feet.

Hp=1O~ 0.21=0.79 feet.
norder to hove 0 meosurable water surface in the
downstream well for all gote openings ond
downstream tap positons the installation should
be designed for maximum an,

From figures 17, (8 and 19, 4%, (maximum) x1.85
ANkIB5Hy % .85(0.79)1.46
Using this adjustcd value of aM, turnout copoclfy
at 75 percent gate opening, On0.5{L767}{6.02)
{1.20%8.57 cts.

18-inch metergate is adequate.

INSTALLATION CRITERIA AND.EXAMPLE

2, ELEVATION® AT WHICH METERGATE - SHOULD 'BE
PLACED.
0. To meet upstream submergence requirement,
He, -of 1.0d,” crown of pipe entronce should be

: set ot EL:1000-d=98.5.
d.-To meet requuemenf o( water surfuce 6 mches

" gbove crown of pipe i downstream - well, elevation
of crown of entrance would be set ot £1.-1000
Ve =Ny =100.0-1.46-0.50=9804, 50y £1.98.0.

" Depth requirement for measurable woter surfoce
in downstream well is governing. factor and qote
should be set.with cvown of emrunce not higher

- than £1.98.0.

MAXIMUM : GAPACITY OF METERGATE (Full open}
g for full gate opening with downstream pressure
tap ot x=293 (12 inches from entrance an 18-
inchgote) is sbout 0.75 (Figure 13). -
& for x32%al (Figure)?)
AHELT (0.79) =0.87 :
From' Q=CAVEgAH . -
%075 {1,767) {802} 0.93
- %9.9 cfs,

Lol

SCREW LIFT VERTIGAL METERGATE
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